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ABSTRACT  
Objective: The present study was designed to investigate phytopromotional effects of Sebacina vermifera on economically and medicinally 
important aromatic plant - Coriandrum sativum (coriander). 
Methods: Phytopromotional effects of Sebacina vermifera were evaluated on coriander, under greenhouse and field conditions. The evaluations 
were carried out with reference to emergence, growth promotion and quantitative as well as the qualitative composition of essential oil. Beside this 
the overall effects were comparatively assessed with the effects of (a) Phosphate solubilizing bacteria (Pseudomonas fluorescens) (b) Nitrogen-fixing 
bacteria (Azotobacter chroococcum) on coriander using same parameters. 
Results: Mycorrhizal fungus (Sebacina vermifera) was observed with the most significant effect in all aspects viz. emergence, growth promotion and 
quantitative as well as the qualitative composition of essential oil. 
Conclusion: Based upon the observations, Sebacina vermifera is highly recommended as a potential biological agent that could be applied for 
phytopromotional effects and economic cultivation of aromatic plants. 
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INTRODUCTION 
Coriander or cilantro (Coriandrum sativum L.) is a glabrous, aromatic 
and herbaceous annual plant belongs to family Apiaceae/ 
Umbelliferae, cultivated, since human civilization [1]. This plant is 
cultivated almost all over the world for culinary, medicine, perfumery 
and beverages uses [2]. Seeds of the plant contain up to 0.03–2.6% of 
the essential oil (EO) [3]. The major component of EO is linalool (40–
82.9% of the oil), other components are α-pinene, ϒ-terpinene, 
camphor, geranyl acetate, geraniol, borneol terpine-4-ol, α-terpineol, 
β-citronellol and nerol and limonene [4]. These components are 
mainly responsible for the several medical uses of coriander, some of 
which include-antispasmodic and carminative applications [5-7], 
indigestion, against worms, rheumatism and pain in the joints [8]. It 
has also been recommended for dyspeptic complaints, loss of appetite, 
convulsion, insomnia and anxiety [9]. Some other beneficial 
applications of coriander include–antioxidant [10], anti-diabetic [11], 
anti-mutagenic [12], anti-lipidemic activities [13].  
With the rapidly growing world population, we need to feed an 
additional 2 billion people by 2050 [14]. Under the pressure of more 
demand of feedstocks for a huge bioenergy market, the most 
important challenge will be to meet the nutritional and medical needs 
of a growing population by using the same amount of production area 
and water resources used today, while avoiding the pesticides and 
fertilizers of chemical origin. In such a challenging situation, we need 
to look for cost-effective and easy to produce solutions that can 
improve the crop productivity sustainably and in an eco-friendly way. 
The sustainable productivity can be achieved by suitable cultivar, 
balanced nutrition, water management and measure for protection 
etc. On the same line, currently, scientists are advocating for the 
application of plant biologicals as a sustainable and environmentally 
friendly solution to improve plant productivity. These biologicals help 
plants in multiple ways like improvement of soil health, improving 
water-holding, nutrient availability, resistance from biotic and abiotic 
stress etc. [15-18]. 
Mycorrhizal fungi are a well-known plant biological and mycorrhizal 
association is the most ancient symbiotic association between plants and 
soil fungi on this earth. This association covers more than 95% of 
terrestrial plant species. Mycorrhizal fungi efficiently provide several 
benefits to host plants such as-nutrient facilitation, protection from 
certain pathogens, drought stress tolerance, enhancement in essential 
activity (photosynthesis), vegetation and reproduction [19]. In addition, 
mycorrhiza is also known to ameliorate the effect of heavy metal 
toxicity. Mycorrhizal association may range from obligatory to 
mutualistic, and fungal symbiont may be restricted to get benefited 
with carbon source from the plant or may participate in other 
activities like mineralization of nutrients from non-living organic and 
inorganic sources [19]. Although many of mycorrhizal fungi are non-
cultivable axenically outside the host plant in pure culture [20], 
however S. vermifera belonging to the family Sebacinaceae is cultivable 
outside the host plant and can easily be maintained and manipulated 
under laboratory conditions [21]. Azotobacter and Phosphate 
solubilizing bacteria are another class of plant biologicals which are 
non-symbiotic, free-living bacteria capable of fixing nutrients, produce 
phytohormones and synthesize antibiotics provide a defense to plant 
against diseases [22, 23]. 
Pertaining to the beneficial effects of plant biologicals on plant 
productivity and the importance of C. sativum for household and 
medicinal applications, we planned this study to find out a plant 
biological assisted, environment-friendly solution to improve C. sativum 
productivity. In the present study, mycorrhizal fungi (Sebacina 
vermifera), nitrogen-fixing bacteria (Azotobacter chroococcum) and 
phosphate solubilizing bacteria (Pseudomonas fluorescens) were chosen 
as plant biologicals to investigate their effect on C. sativum productivity. 
This is an attempt to establish the mycorrhizal associated correlations 
between Sebacina vermifera and C. sativum, and at the same time 
comparison with the effects of nitrogen-fixing bacteria (A. chroococcum) 
and phosphate solubilizing bacteria (P. fluorescens) on same plant will 
assist the dear peculiar specialty and specificity of S. vermifera. 
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MATERIALS AND METHODS 
Plant biologicals 
Mycorrhizal fungi-Sebacina vermifera culture was procured from 
Prof. Virendra Swarup Bisaria, department of Biochemical 
Engineering and Biotechnology, Indian Institute of Technology-
Delhi, India. Culture of S. vermifera was maintained on slants 
containing a modified Kaefer-agar medium. The pH and 
temperature were maintained at 6.5 and 30±1 °C, respectively. 
After incubation of 10 d slants were stored at 4 °C until further 
use [21]. The cultivation of fungus was done in 500 ml 
Erlenmeyer flasks containing 100 ml of Modified Kaefer liquid 
medium using gyratory shaker at 200 rpm and 30±1 °C. Fungal 
culture (100 ml) after 8 d incubation was mixed with 1 ml 
carboxymethylcellulose (CMC). CMC mixed culture (25 ml) was 
then added to 75 g of sterilized talcum powder (Kumar et al. 
2012). The formulated preparation was stored in airtight 
polythene bags and stored at room temperature until the 
experimentation. Azotobacter (Azotobacter chroococcum) and 
Phosphate solubilizing bacteria (P. fluorescens) were 
commercially available biofertilizer preparations, supplied by 
Ganesh Agro Service Centre, Moga, Punjab, India.  
Host plant and experimental conditions 
Seeds of coriander (pb-sugandh variety) were collected from Punjab 
Agriculture University, Ludhiana, India, during the rabi season. 
Seeds of coriander were treated with 1% savlon (Johnson and 
Johnson, USA) for 5 min followed by surface-sterilized using 70% 
(v/v) ethanol for 1 min and rinsed thrice with sterile double-
distilled water (SDDW). This was followed by treatment with 0.01% 
Bovistin (Saraswati Agro Chemicals Pvt. Ltd. India) for 2 min and 
rinsing with SDDW 4–5 times and soaked in distilled water for 24 h. 
Prior to experimentation, to know the soil’s chemical reserves, soil 
samples from pots of greenhouse and field were submitted to College of 
Agriculture (Department of Soil Sciences), Punjab Agricultural 
University, Ludhiana (Ref. no. 1807/70). The soil's chemical reserves 
belonging to pot and field are mentioned in table 1. The pot study was 
conducted in the sterile soil under a greenhouse facility where the soil 
was autoclaved in cotton bags for 1 hr at 121 °C and placed to cool at 
room temperature; the whole process was repeated for 3 times after 24 
h on 3 consecutive days. In the greenhouse, plants were grown in 
controlled environmental conditions maintained at 25±2 °C, 16 h light/8 
h dark with light intensity 1,000 Lux and relative humidity 70%. All field 
experiments were done in farms using Randomized complete block 
design (RCBD). 
 
Table 1: Physical and chemical properties of soil 













Pot 6.7 0.63 0.66 42.25 370.65 13.54 4.89 3.51 9.59 0.08 
Field 7.4 0.59 0.48 32.37 311.35 12.26 4.10 1.53 7.36 0.06 
Note: C-Carbon, P-Phosphorus, K-Potash, Fe-Ferrous, Zn-Zinc, Cu-Copper, Mn-Manganese, N-Nitrogen 
 
Treatments 
There were four treatment groups viz. Control (CON), A. chroococcum 
(AZOTO), P. fluorescens-Phosphate solubilizing bacteria (PSB), S. 
vermifera (SV). Where, CON group received simple treatment without 
any biologicals, AZOTO, PSB and SV groups received double treatment 
(soil as well as host seeds/plantlets) with different schemes. Treatment 
of seeds (for emergence studies) in respective groups except CON was 
carried out using paste of 1 kg biomass in 1 L of water (sufficient on 10 
kg of seeds). The paste was applied uniformly on the seed surface then 
seeds were dried in the shade before sowing in pots or in the field. 
Treatment of plantlets (for growth studies) was carried out by 
dipping roots in the paste of same composition used for seed 
treatment and sown immediately in pots or in the field.  
Soil of pots was treated with AZOTO, PSB and SV by induction of 1 kg 
biomass in 19 kg of vermicompost and mixed with soil in the ratio of 
60:40 (soil: treated vermicompost). Whereas, in field, treated 
vermicompost was spreaded as 60 kg treated vermicompost per acre. 
For standing plants, treatment (1 kg biomass in 19 kg of vermicompost) 
was carried out by applying drilling/drenching method after 8 w. 
Emergence studies in pots 
The pot study for each treatment group was carried out in 10 
number of polythene pots of 2 kg capacity (total 100 seeds for each 
treatment groups). Before sowing the seeds, 3/4th part of the pot 
was filled with treated soil, moistened with water. Following this, 10 
healthy seeds of coriander were sown in individual pots containing 
moistened treated soil. This was followed by filling up the remaining 
1/4th of pot with treated dry soil, such that all the seeds were sown 2 
cm below the soil surface in pot. Finally, water was sprinkled to 
moisten the dry soil added over the seeds. Soil was covered with 
straw to avoid the dryness and water was supplied daily to avoid 
drought stress.  
Emergence studies in the field 
The field study was conducted in the agricultural field where regular 
farming was done. Soil was made porous by several ploughings and 
disking to facilitate healthy root development. Total 
experimentation area was of 25×37 meter containing 24 plots of 
4.95×4.95 meter each incorporated with well tilted and fine soil 
mixed with a predefined quantity of vermicompost and treatments. 
Each plot was separated with a buffering zone of more than 1 meter 
(fig. 1). Then 100 Seeds of each group were sown in each plot 
containing 10 rows and 10 columns, that single seed at a distance of 
45 cm interspacing to next seed. Seeds were covered with soil layer 
in such that all seeds were covered 2 cm below the soil surface. Soil 
was moistened with a light spray of water. Soil was covered with 




Fig. 1: Topology of field experiments (Randomized complete block design) 
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Emergence parameters 
Day of sowing was considered as zeroth day. Number of germinated 
seeds was counted daily and data were recorded after every 24 h 
until no more seed germinated. The seeds were considered 
germinated with the emergence of radicals to soil surface. 
Emergence of seeds was evaluated using the following parameters:  
Germination percentage 
Germination percentage is a measure of the overall viability of the 
accession of seeds and can approximate the number of seeds that will 
grow into plants when you plant them. At the end of the experiment, 
the number of seeds was added that germinated each day of the trial 
then divided by the total number of seeds that were taken in the test, 
and multiplied by 100 to calculate germination percentage [24]: 
Germination	percentage  Germinated	seeds
Total	seeds  100 
Germination index 
Germination index was calculated as described by AOSA [25] as the 





Mean germination time 
Mean germination time was calculated in days by using the following 
equation [26, 27]: 
MGT  ΣD  n
Σn
 
Where n is the number of seeds germinated on day D, and D is the 
number of days counted from the beginning of germination.  
T50 of germination 
The time to 50% germination (T50) was calculated by using 
following formula [28-30]:  




	 ni tj 	 ti
nj 	 ni
 
Where N is the final number of germinated seeds and ni, nj are 
cumulative number of seeds germinated by adjacent counts at times 
ti and tj where ni<N/2<nj.  
Seed vigour 




Where l = the length of seedling; n = total number of seedlings. 
Vigour index 
Vigour index was calculated at the time of the final count. For this, 
seedling vigour of 6 randomly selected seedlings were measured 
(mm) then multiplied by germination percentage (%) [32]: 
VI  SV  GP 
Where SV = Seed vigour; GP = germination percentage. 
Growth studies in pots 
The young and healthy 20 d old plantlets of similar size and in the 
same development stage were taken for the growth study. In pot 
study, treated plants were planted on a hard substratum of treated 
soil. For each set, the total numbers of test pots planted were 100. 
Study was carried using plastic pots of 10 kg capacity. In each pot, 1 
healthy plants of coriander were transplanted and soil was 
moistened enough to avoid the drought stress. All the pots were 
watered regularly. Plants were uprooted at 30 d interval i.e. 30, 60, 
90, 120 d after transplantation (DAT) for growth evaluations. 
Sample size from each replicate was 6 individual plants. 
Growth studies in fields 
The young and healthy treated plantlets of 20 d and of similar size 
and in the same development stage were taken and sown in treated 
soil, to carry the growth study. All experiments were done in six 
replicates (sample size was 6 from each replicate) using complete 
randomized design in pot and randomized complete block design in 
the field. Field topography was the same as used for emergence 
study (fig. 1). Then 100 plants of each group were sown in each plot 
containing 10 rows and 10 columns, that single plant at a distance of 
45 cm interspacing to the next plant. After transplantation, the 
whole field was irrigated with water. Plants were uprooted at 30 d 
interval i.e. 30, 60, 90, 120 DAT for growth evaluations. Sample size 
from each replicate was 6 individual plants. 
Growth parameters 
Day of the plantation was considered a zeroth day. For the analysis 
of plant growth parameters, plants were randomly uprooted at the 
regular interval of 30 d; final harvesting was done on 120 DAT. 
Before uprooting the plants, the field and pots were moistened 
enough so that the whole plants could be uprooted easily. Uprooted 
plants were washed under a slow stream of water. Length was 
measured carefully with the ruler; dry weights were recorded by 
drying the samples in an oven at 60 °C for 48 h. Following 
parameters were evaluated for individual uprooted plants:  
a) Total plant length (root+shoot) 
b) Total fresh weight of plant (root+shoot) 
c) Total dry weight of the plant (root+shoot) 
Root colonization study 
Samples of fine roots from treated seedlings of C. sativum at an 
interval of 30 d i.e. 30, 60, 90, 120 DAT were collected and washed 
thoroughly under a slow stream of distilled water. Collected roots 
were cut into small segments (approx. 1 cm) and boiled with KOH 
(10%) for 15 min to soften the tissue. Then the segments were 
neutralized with 1N HCl for 3–4 min, and repeatedly washed with 
distilled water to make it neutral. The segments then stained with 
0.5% trypan blue overnight and mounted in lactoglycerol blue 
solution [33] (slightly modified). Random segments were picked and 
placed on a glass slide and examined under a light microscope at the 
magnification of 10x–40x. Experiment was done in six replicate and 
sample size was six plants from each replicate. Ten segments from 
each plant were taken and root colonization was assessed using the 
following formula [34]:  
Percentage	colonization  Number	of	root	segments	colonized
Number	of	total	segments	examined  100 
Phytochemical analysis  
Oil extraction 
Sample of seeds was collected from well-grown healthy plants (120 
d older) of each group and dried at room temperature. Dried 
samples were grounded in a blender. The extractions of grounded 
seeds were done by hydro-distillation using a Clevenger apparatus 
for 4 h. The oil samples were collected in the airtight container and 
stored at 4 °C until further analysis. 
Gas chromatography-mass spectrometry 
GC-MS analyses were carried out on a gas chromatograph Thermo trace 
1300 GC coupled to a Thermo TSQ 8000 mass spectrometer with 
electron impact ionization method. Ion source temperature was 230 °C. 
A TG-5MS capillary column (30 m × 0.25 mm, 0.25 μm film thickness) 
was used. The column temperature was programmed to rise from 50 °C 
(2 min) to 280 °C at the rate of 10 °C/min. The S/SL injector’s 
temperature was maintained at 250 °C, and the injection volume was 1.0 
μL. The MS transfer line temperature was maintained at 280 °C. The 
carrier gas was helium with a flow rate 1 ml min-1 and the mass range 
was 50–500 m/z. EO components were identified by comparison 
spectral data to those from mass spectra stored in the National Institute 
of Standards and Technology (NIST) spectral library. The percentage 
peak area of the corresponding component was taken as content 
concentration without using correction factors [35]. 
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Statistical analysis 
All experiments were performed in six replicates (Sample size was 6 
from each replicate except GCMS). The data were expressed as 
mean±standard deviation (SD). The data of emergence, yield of EO 
and composition of various EO components were analyzed by one-
way analysis of variance (ANOVA) followed by Tukey’s post hoc test 
to compare means at the significance level p<0.05. Growth data were 
analyzed used two-way ANOVA followed by Bonferroni post-test for 
multiple comparisons of means at the significance level p<0.05. All 
statistical analyses were performed using the GraphPad Prism v6 
software package. 
RESULTS 
Root colonization study 
The presence of fungal hyphae confirms the positive colonized 
association between tested plant and S. vermifera under both 
conditions i.e. pots under greenhouse and field conditions. Further, 
there was a variation in overall colonization percentage of pots and 
field. Colonization percentage was found lowest at 30 DAT (pot-
21.43%; field-17.13%), which gradually increased at 60 DAT (pot-
43.18%; field-25.28%) and 90 DAT (pot-65.21%; field-42.12%). The 
highest colonization percentage was recorded at 120 DAT (pot-
87.65%; field-81.75%) (table 2). 
Emergence studies 
Emergence studies on coriander seeds were observed for 20 d from 
the day of sowing of seeds. Different analytical traits viz. germination 
percentage, mean germination time, germination index, T50 of 
germination, seedling vigour and vigour index were investigated 
carefully. All traits revealed that different treatments exert 
significant effects on the emergence of seeds under both pot as well 
as field conditions (table 3, 4). 
Emergence studies under pot conditions 
Results of emergence studies under pot conditions have been 
presented in table 3. Data shows that SV, AZOTO and PSB 
outperformed CON with respect to all the measured emergence 
parameters. Among the tested plant biologicals, SV showed best 
results followed by AZOTO and PSB, respectively. As compared to 
CON, germination percentage, germination index, seedling vigour 
and vigour index for SV were improved by 97.9%, 118.9%, 81% and 
258%, respectively.  
For PSB, these traits were improved by 91.8%, 102%, 46.5% and 
181%, respectively, while for AZOTO, these traits were improved by 
34.6%, 39%, 32.7% and 78.8%, respectively. On the other hand, 
mean germination time was reduced by 9.8%, 5.4% and 3.7%, 
respectively, for SV, PSB and AZOTO. Similarly, T50 germination was 
reduced by 9.5%, 3.7% and 2.8% for SV, AZOTO and PSB, 
respectively (table 3). 
  
Table 2: Colonization percentage of Sebacina vermifera with coriander roots at different time periods in pot and field trials 
Harvesting Pot Field 
30 DAT 21.43±0.71 17.13±0.38 
60 DAT 43.18±1.38 25.28±0.85 
90 DAT 65.21±1.74 42.12±1.32 
120 DAT 87.65±3.09 81.75±2.23 
Root colonization (%) of Sebacina vermifera treated plants: data expressed as mean±SD of six replicates. CON-Normal control; SV-S. vermifera; DAT-
Day after transplantation. 
 
Table 3: Effects of various treatments on coriander seeds under pot trials 
Parameters CON AZOTO PSB SV 
Germination percentage 49.00±2.65 66.00±2.00a 94.00±1.00a,b 97.00±2.00a,b 
Mean germination time 14.39±1.10 13.85±0.63 13.60±0.76 12.97±1.05 
Germination index 3.48±0.34 4.85±0.61a 7.03±0.25a,b 7.62±0.61a,b 
T50 germination 15.41±0.70 14.97±0.63 14.84±0.65 13.94±0.81a 
Seedling vigour (mm) 58.00±1.53 77.00±2.52a 85.00±2.00a,b 105.00±2.52a,b,c 
Vigour index (mm) 2842.00±223.70 5082.00±320.75a 7990.00±160.66a,b 10185.00±372.92a,b,c 
Emergence response of seeds to various treatments in pots trials: data expressed as mean±SD of six replicates. Superscripts with different letters (a-
c) within the same row represent significance level as pa<0.05 v/s Con; pb<0.05 v/s AZOTO; pc<0.05 PSB; CON-Normal control; AZOTO-Azotobacter; 
PSB-Phosphate solubilizing bacteria; SV-S. vermifera 
 
Emergence studies in the field 
The relative effect of all three biologicals (SV, AZOTO, PSB) during field 
study were in alignment to what we observed during pot studies. Among 
all the four tested groups (CON, SV, AZOTO, PSB) under field conditions, 
two treatment groups viz. SV, PSB and AZOTO significantly altered the 
emergence profile of all the traits. Treatment with SV resulted in 
maximum effect followed by PSB and AZOTO, on various parameters 
studied during emergence study in the field. Here, germination 
percentage, germination index, seedling vigour and vigour index for SV 
were improved by 97.7%, 129%, 54.5% and 205.5%, respectively, when 
compared with CON. Similarly, with PSB, these traits were improved by 
86%, 111%, 27% and 137%, respectively. With AZOTO, respective 
improvement of mentioned parameters was 45%, 54.6%, 12.7% and 
63.9%. On the other hand, mean germination time was reduced by 
13.8%, 11.6% and 5.8% for SV, PSB and AZOTO, respectively. Similarly, 
T50 germination was reduced by 7.5%, 3% and 2% for SV, PSB and 
AZOTO respectively (table 4). 
Growth studies 
Effect of tested plant biologicals on the growth profile of coriander 
was also evaluated to understand their role in the physiological 
development of coriander plants. Growth profiles were measured in 
terms of total plant length, total fresh weight, and total dry weight. 
All the treatments as mentioned in the materials and methods, were 
applied respectively to soil and plants. Statistical analysis of 
observed effects was also established by using Two-way ANOVA. 
Finally, it was found that all the treatments resulted in significant 
growth enhancement both in pot and in field conditions. 
Growth studies in pots 
During pot studies, all three treatments (SV, PSB and AZOTO) showed a 
positive effect when compared with CON experiments. SV was found 
to have most prominent and significantly high stimulatory effect on 
plant growth, which was followed by PSB and AZOTO, respectively (fig. 
2, 3a,c,e). Relative growth rates of plant for all three treatments i.e. SV, 
PSB, AZOTO showed better results when compared with CON 
experiments. Growth rates of treated plants were found to be in 
increasing order at 30 DAT, 60 DAT and 90 DAT, whereas growth rate 
was found to be declined after 90 DAT to 120 DAT (fig. 3b,d,f). As 
compared to CON, SV treatment resulted in a maximum of 99%, 154% 
and 140% improvement in total plant length, fresh weight and dry 
weight, respectively. PSB improved these traits by 50%, 94%, 92%, 
respectively, whereas improvement with AZOTO was 37.6%, 89%, 
86.5%, respectively, for the same traits (fig. 3). 
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Table 4: Effects of various treatments on coriander seeds under field trials 
Parameters CON AZOTO PSB SV 
Germination percentage 44.00±2.00 64.00±2.52a 82.00±2.52a,b 87.00±2.00a,b,c 
Mean germination time 15.43±0.59 14.53±0.86 13.63±0.50a 13.30±0.57a,b 
Germination index 2.91±0.51 4.50±0.57a 6.14±0.17a,b 6.67±0.52a,b 
t50 germination 15.40±0.23 15.03±0.11 14.88±0.51 14.24±0.52a,b,c 
Seedling vigour (mm) 55.00±2.08 62.00±2.00a 70.00±2.00a,b 85.00±2.52a,b,c 
Vigour index (mm) 2420.00±197.36 3968.00±284.76a, 5740.00±340.78a,b 7395.00±387.14a,b,c 
Emergence response of seeds to various treatments in field trials: data expressed as mean±SD of six replicates. Superscripts with different letters (a-
c) within the same row represent significance level as pa<0.05 v/s CON; pb<0.05 v/s AZOTO; pc<0.05 PSB; CON-Normal control; AZOTO-Azotobacter; 
PSB-Phosphate solubilizing bacteria; SV-S. vermifera 
 
 
Fig. 2: Plants under pot trials at 120 DAT (a) Control (b) Azotobacter (c) Phosphate solubilizing bacteria (d) S. vermifera 
 
 
Fig. 3: Effect of treatments on (a, b) Total length of plants (c, d) the Total fresh weight of plants (e, f) Total dry weight of plants under pot 
conditions; data expressed as mean±SD of six replicates. Superscripts with different letters (a–c) within the same harvesting group 
represent significance level as pa<0.05 v/s CON; pb<0.05 v/s AZOTO; pc<0.05 v/s PSB; CON–Normal control; AZOTO–Azotobacter; PSB–
Phosphate solubilizing bacteria; SV–S. vermifera 
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Growth studies in fields 
Once we got encouraging results at pot scale, we extended this 
study to field scale to validate the applicability of lab-scale data in 
actual field conditions. Similar growth studies were done with 
experiments done in field conditions. Data from field studies co-
related well with pot scale experimental data. Again, all three 
treatments (SV, PSB and AZOTO) showed significantly high effect 
when compared with CON group experiments. However, best 
results were observed in experiments with SV, which was followed 
by PSB and AZOTO, respectively (fig. 4, 5a,c,e). Similar trends were 
observed in the relative growth rate. Growth rates of treated 
plants were found to be in increasing order at 30 DAT, 60 DAT and 
90 DAT, whereas growth rate was found to be declined after 90 
DAT to 120 DAT (fig. 5b,d,f). As compared to CON, SV treatment 
resulted in a maximum of 95.6%, 133% and 136% improvement in 
total plant length, fresh weight and dry weight, respectively. PSB 
improved these traits by 47.8%, 93%, 92%, respectively, whereas 
improvement with AZOTO was 36%, 88%, 86%, respectively, for 
the same traits (fig. 5). 
 
Fig. 4: Plants under field trials at 60 DAT (a) Control (b) 
Azotobacter (c) Phosphate solubilizing bacteria (d) S. vermifera
 
 
Fig. 5: Effect of treatments on (a, b) Total length of plants (c, d) the Total fresh weight of plants (e, f) Total dry weight of plants under field 
conditions; data expressed as mean±SD of six replicates. Superscripts with different letters (a–c) within the same harvesting group 
represent significance level as pa<0.05 v/s CON; pb<0.05 v/s AZOTO; pc<0.05 v/s PSB; CON–Normal control; AZOTO–Azotobacter; PSB–
Phosphate solubilizing bacteria; SV–S. vermifera 
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Table 5: Effect of different treatments on the composition of various EO components of coriander seeds grown in pots under greenhouse 
conditions 
RT Individual components Pot 
CON AZOTO PSB SV 
6.75 α-Pinene 15.32±0.87 13.02±0.92 12.54±0.87a 25.53±1.07a,b,c 
7.6 β-pienene 2.27±0.43 1.57±0.33 1.17±0.19a 3.77±0.14a,b,c 
7.81 α-Myrcene 0.99±0.24 0.60±0.17 0.75±0.22 1.15±0.18b 
8.5 o-Cymene 0.62±0.15 0.67±0.07 0.85±0.11 0.86±0.09 
8.7 D¬Limonene 0.73±0.12 2.51±0.16a 0.66±0.08b 0.72±0.09b 
9.31 ϒ-Terpinene 1.47±0.26 1.66±0.09 0.49±0.07a,b 1.74±0.47c 
9.52 trans-Linalool oxide (furanoid) - - 0.94±0.23 - 
9.67 1-Octanol 1.13±0.17 0.36±0.11 - - 
10.23 Linalool 49.74±1.16 51.03±0.29 52.62±0.96a 55.61±0.72a,b,c 
11.14 Citronellal 0.96±0.23 0.97±0.10 - 0.62±0.06 
11.15 Nerol - - 1.01±0.17 - 
11.61 Borneol 0.49±0.14 0.53±0.08 0.71±0.04 - 
12.06 α-Terpineol - 0.62±0.17 1.29±0.13 - 
12.07 Methyl chavicol 0.88±0.08 - - - 
12.2 D-verbenone - - 0.68±0.08 - 
12.22 Decanal 0.53±0.11 0.53±0.11 - 0.44±0.02 
12.78 Citronellol 1.39±0.14 - 1.36±0.22 1.00±0.18 
12.75 1-Cyclohexene-1-carboxaldehyde,2,66-trimethyl- - 2.79±0.13 - - 
13.28 Geraniol 1.71±0.11 1.28±0.05a 2.55±0.15a,b 1.17±0.06a,c 
13.83 Anethole 2.20±0.88 0.97±0.11 0.46±0.17a - 
14.12 Thymol 0.84±0.10 0.48±0.16 0.39±0.17a - 
14.27 Undecanal 0.51±0.18 0.48±0.14 0.58±0.33 - 
15.18 Citronellyl acetate 1.03±0.18 0.66±0.13 1.42±0.43b 0.54±0.10c 
15.78 Geranyl acetate 16.39±1.48 8.82±0.43a 17.11±0.56b 6.86±0.65a,c 
16.22 Dodecanal - - 0.36±0.11 - 
16.85 Caryophyllene 0.43±0.10 - 0.43±0.04 - 
17.23 2-Dodecenal 0.35±0.07 - 0.38±0.13 - 
17.84 α-guaiene - 1.28±0.04 - - 
18.05 Longifolene - 5.80±0.71 - - 
18.18 α-Humulene - 1.20±0.12 - - 
18.71 Epiglobulol - 1.51±0.16 - - 
20.68 Humalane-1,6-dien-3-ol - 0.67±0.10 - - 
20.72 Tetradecanal - - 0.38±0.24 - 
22.34 Tetradecanoic acid - - 0.88±0.60 - 
Monoterpene hydrocarbons 21.40±2.07 27.11±2.47a 16.45±1.53b 33.77±2.03a,b,c 
Monoterpene alcohols 57.56±2.68 56.96±1.06 59.99±1.83 57.78±0.96 
Monoterpene ethers - - 0.94±0.23 - 
Monoterpene aldehydes 2.35±0.59 4.76±0.47a 1.70±0.80b 1.05±0.08b 
Monoterpene ketones - - 0.68±0.08 - 
Phenols 0.84±0.10 0.48±0.16a 0.39±0.17a - 
Monoterpene esters 17.42±1.66 9.47±0.56a 18.53±0.99b 7.39±0.75a,c 
Sesquiterpenes 0.43±0.10 1.20±0.12a 0.43±0.04b - 
Fatty acid - - 0.88±0.60 - 
Total 99.99 99.99 99.99 100.00 
Data expressed as mean±SD of three replicates: Superscripts with different letters (a-c) within the same row represent significance level as pa<0.05 
v/s CON; pb<0.05 v/s AZOTO; pc<0.05 v/s PSB; CON-Normal control; AZOTO-Azotobacter; PSB-Phosphate solubilizing bacteria; SV-S. vermifera, Note: 
(-): not detected. 
 
 
Fig. 6: Effect of treatments on the yield of EO of plant seeds under pot and field conditions: data expressed as mean±SD of six replicates. 
Superscripts with different letters (a–c) within the same condition group represent significance level as pa<0.05 v/s CON; pb<0.05 v/s 
AZOTO; pc<0.05 v/s PSB; CON–Normal control; AZOTO–Azotobacter; PSB–Phosphate solubilizing bacteria; SV–S. vermifera 
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Table 6: Effect of different treatments on the composition of various EO components of coriander seeds grown under field conditions 
RT Individual components Field 
CON AZOTO PSB SV 
6.75 α-Pinene 14.51±0.83 12.25±0.88 11.77±0.83a 24.76±1.05a,b,c 
7.6 β-pienene 2.46±0.41 1.80±0.29 0.40±0.17a,b 4.10±0.16a,b,c 
7.81 α-Myrcene 1.18±0.20 0.83±0.13 0.98±0.20 1.48±0.16b,c 
8.5 o-Cymene 0.81±0.13 0.90±0.11 1.08±0.09 1.19±0.11a,b 
8.7 D¬Limonene 0.92±0.16 2.22±0.12a 0.89±0.10b 1.05±0.07b 
9.31 ϒ-Terpinene 1.66±0.24 1.89±0.05 0.72±0.09a,b 2.07±0.49c 
9.52 trans-Linalool oxide (furanoid) - - 1.17±0.19 - 
9.67 1-Octanol 1.32±0.13 0.59±0.07 - - 
10.23 Linalool 48.61±1.14 49.26±1.21 50.34±0.92 54.84±0.70a,b,c 
11.14 Citronellal 1.15±0.19 1.20±0.14 - 0.95±0.08 
11.15 Nerol -   1.24±0.15 - 
11.61 Borneol 0.68±0.18 0.76±0.12 0.94±0.02 - 
12.06 α-Terpineol - 0.85±0.13 1.52±0.15 - 
12.07 Methyl chavicol 1.07±0.04 - - - 
12.2 D-verbenone - - 0.91±0.04 - 
12.22 Decanal 0.72±0.07 0.76±0.15 - 0.77±0.04 
12.78 Citronellol 1.58±0.12 - 1.59±0.20 1.33±0.20 
12.75 1-Cyclohexene-1-carboxaldehyde,2,66-trimethyl- - 3.02±0.17 - - 
13.28 Geraniol 1.90±0.09 1.51±0.09a 2.78±0.13a,b 1.50±0.04a,c 
13.83 Anethole 2.39±0.84 1.20±0.15 0.69±0.19a - 
14.12 Thymol 1.03±0.08 0.71±0.20 0.62±0.19 - 
14.27 Undecanal 0.70±0.14 0.71±0.18 0.81±0.29 - 
15.18 Citronellyl acetate 1.22±0.16 0.89±0.17 1.65±0.39b 0.87±0.12c 
15.78 Geranyl acetate 14.91±1.52 7.05±0.99a 16.34±0.54b 5.09±0.67a,c 
16.22 Dodecanal - - 0.59±0.09 - 
16.85 Caryophyllene 0.62±0.06 - 0.66±0.02 - 
17.23 2-Dodecenal 0.54±0.05 - 0.61±0.15 - 
17.84 α-guaiene - 1.51±0.08 - - 
18.05 Longifolene - 6.03±0.75 - - 
18.18 α-Humulene - 1.43±0.16 - - 
18.71 Epiglobulol - 1.74±0.20 - - 
20.68 Humalane-1,6-dien-3-ol - 0.90±0.14 - - 
20.72 Tetradecanal - - 0.61±0.26 - 
22.34 Tetradecanoic acid - - 1.11±0.56 - 
Monoterpene hydrocarbons 21.54±1.97 27.44±2.39a 15.83±1.47a,b 34.65±2.03a,b,c 
Monoterpene alcohols 57.57±2.54 56.81±2.10 59.09±1.75 57.67±0.94 
Monoterpene ethers - - 1.17±0.19 - 
Monoterpene aldehydes 3.11±0.45 5.68±0.63a 2.62±0.78b 1.71±0.12b 
Monoterpene ketones - - 0.91±0.04 - 
Phenols 1.03±0.08 0.71±0.20 0.62±0.19a - 
Monoterpene esters 16.13±1.68 7.94±1.16a 17.99±0.93b 5.96±0.79a,c 
Sesquiterpenes 0.62±0.06 1.43±0.16a 0.66±0.02b - 
Fatty acid - - 1.11±0.56 - 
Total 99.99 100.00 100.00 99.99 
Data expressed as mean±SD of three replicates: Superscripts with different letters (a-c) within the same row represent significance level as pa<0.05 v/s CON; 
pb<0.05 v/s AZOTO; pc<0.05 v/s PSB; CON-Normal control; AZOTO-Azotobacter; PSB-Phosphate solubilizing bacteria; SV-S. vermifera, Note: (-): not detected 
 
Phytochemical analysis 
Yield of essential oils 
It was observed that EO yield was significantly affected by different 
treatments viz. AZOTO, PSB and SV. All the treatments enhanced the 
yield of EO under both the conditions (pot and field) as shown in fig. 6. 
Comparative effect of treatments on the chemical composition 
of essential oil 
Effects of different treatments on EO composition of coriander in 
pots under greenhouse conditions are presented in table 5. Thirty-
four different EO constituents were identified during the GC-MS 
analysis of EO from coriander, which represented 99.99–100% of 
the EO. Monoterpene alcohols were the major components (56.81–
59.99%) followed by monoterpene hydrocarbons (15.83–34.65%), 
monoterpene esters (5.96–18.53%), monoterpene aldehydes (1.05–
5.68%), phenols (0.39–1.03%), sesquiterpenes (0.43–1.43%), 
monoterpene ethers (0.94-1.17%), fatty acid (0.88-1.11%) and 
monoterpene ketones (0.68-0.91%) respective to the constitution of 
the EO in pot and field conditions. All treatments viz. AZOTO, PSB 
and SV were found to significantly alter the composition of certain 
components of EO in pot and field conditions.  
In pots, SV enhanced the monoterpene hydrocarbons by 57.80% and 
monoterpene alcohols by 0.38%, whereas a negative effect was 
recorded on monoterpene aldehydes (decreased by 55.32%) and 
monoterpene esters (decreased by 57.58%). There was no synthesis 
of monoterpene ethers, monoterpene ketones, phenols, 
sesquiterpene and fatty acid as they were found absents in EO of SV 
treated plants. PSB enhanced monoterpene esters by 6.37%, 
monoterpene alcohols by 4.22%, sesquiterpene were the same 
relative to the CON, whereas, a negative effect was recorded on 
phenols (decreased by 53.57%), monoterpene aldehyde (decreased 
by 27.66%) monoterpene hydrocarbons (decreased by 23.13%). 
Surprisingly, biosynthesis of monoterpene ethers and monoterpene 
ketones and fatty acid was recorded in PSB groups. AZOTO 
enhanced sesquiterpene by 179.07%, monoterpene aldehydes by 
102.55%, monoterpene hydrocarbons by 26.68%. Negative effect 
was recorded on monoterpene esters (decreased 45.64%), phenols 
(decreased by 42.86%) and monoterpene alcohols (decreased by 
1.04%). There was no synthesis of monoterpene ethers, 
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monoterpene ketones and fatty acid. It was observed that the ethers, 
ketones and fatty acid were synthesized in PSB group, which were 
absent in all other treated groups, and a high percentage of 
monoterpene aldehyde was recorded in CON group only. After multi 
comparison, it was observed that the net effect of SV on linalool, α-
pinene and β-pinene was significantly higher in comparison to CON, 
PSB and AZOTO (table 5).  
Effects of different treatments on EO composition of coriander under 
field conditions are presented in table 6. Thirty-four different 
constituents were identified during the GC-MS analysis of EO form 
coriander, which represented 99.99–100% of the EO. SV enhanced 
the monoterpene hydrocarbons by 60.86%, monoterpene alcohols 
by 0.17%, whereas a negative effect was recorded on monoterpene 
esters (decreased by 63.05%) and monoterpene aldehyde by 
45.02%. There was no synthesis of monoterpene ethers, 
monoterpene ketones, phenols and sesquiterpene and fatty acid, as 
they were found absents in EO of SV treated plants. PSB enhanced 
monoterpene esters by 11.53% and monoterpene alcohols by 2.64% 
and sesquiterpene by 6.45%, whereas a negative effect was 
recorded on phenols (decreased by 39.81%), monoterpene 
hydrocarbons (decreased by 26.51%), monoterpene aldehydes 
(decreased by 15.76%) and there was bio-synthesis of monoterpene 
ethers and monoterpene ketones and fatty acid were recorded 
which was absent in all other groups. AZOTO enhanced 
sesquiterpenes by 130.65%, monoterpene aldehydes by 82.64%, 
monoterpene hydrocarbons by 27.39%. Negative effect was 
recorded on monoterpene esters (decreased by 50.77%), phenol 
(decreased by 31.07%) and monoterpene alcohols (decreased by 
1.32%). There was no synthesis of monoterpene ethers, 
monoterpene ketones and fatty acid in this group. It was observed 
that the ethers, ketones and fatty acid were synthesized in PSB 
group, which were absent in all other treated groups, and a high 
percentage of monoterpene aldehyde was recorded in CON group 
only. After multi comparison, it was observed that the net effect of 
SV on linalool, α-pinene and β-pinene was significantly higher in 
comparison to CON, PSB and AZOTO (table 6). 
DISCUSSION 
This study establishes a new symbiotic relation between S. vermifera 
and C. sativum. our observations are in line with previous studies 
demonstrated the successful establishment of an association 
between S. vermifera and wide range of non-host plant species like 
Foeniculum vulgare [36], Nicotiana attenuata [37], Thymus vulgaris 
[38], Panicum virgatum [39,40] and Oryza sativa [41]. 
In this study, we observed that the application of fungi (SV) and 
plant beneficial bacteria (AZOTO and PSB) altered the emergence 
traits of coriander seeds. The seed emergence depends largely on 
reserve energy store and driven by a complex sequence of 
imbibitions, enzymatic phytohormonal influence and not on the 
external nutrients. However, the acceleration in emergence traits 
could be ascribed to the phytohormones and other complex mixture 
of growth-promoting metabolites that are modulated by plant 
biologicals such as A. chroococcum [42], P. fluorescens [43, 44] and 
mycorrhizal fungus [45]. Similarly, A. chroococcum [46] and P. 
fluorescens [47] have variously been reported with the potential to 
accelerate the germination and vigour of seedlings [48, 49]. S. 
vermifera has also been reported to enhance the germination of P. 
virgatum plant in petri plates and to stimulate seed germination, 
increase growth and stalk elongation along with earlier flowering, 
more flower yield and greater maturation of seed capsules in 
Nicotiana attenuata [37, 45]. 
In the present study the application of S. vermifera, A. chroococcum 
and P. fluorescens showed an acceleration in emergence traits of 
seeds but especially S. vermifera showed a pronounced acceleration 
which was significant in comparison to non-colonized and A. 
chroococcum treated plants, even some traits were significantly 
different when compared with P. fluorescens treated plants. 
Although, the underlying mechanisms responsible for the 
accelerated emergence traits by S. vermifera are unknown, it is 
assumed that phytohormonal synthesis and signaling by S. vermifera 
were strong enough to accelerate the emergence traits of the seeds 
greater than other treatments. Piriformospora indica, a closely 
related fungus of same order (Sebacinales), had already been 
documented to modulate the regulation and signaling of auxins and 
cytokinins [50, 51]. Similarly, enhanced seed germination observed 
in the presence of the S. vermifera could be related to inhibition of 
ethylene signaling [52]. 
During this study, we found that the overall emergence properties 
were better in pot trials as compared to field trials. Seed 
germination is an extremely sophisticated process driven by several 
exogenous conditions include right temperature, water, oxygen or 
air and sometimes light or darkness [53]. Under favorable 
conditions seeds germinate and develop towards seedlings whereas 
unfavorable conditions turn seeds to dormant or damage embryo. 
We speculate that under field the unfavorable conditions prevented 
the metabolic processes and growth of embryonic tissues resulted in 
lesser emergence whereas, better emergence response under pot 
condition might be attributed to environmentally controlled, 
favourable conditions. It is noteworthy that although absolute 
numbers in two conditions (pot and field) were not exactly 
matching, however, the relative effects by all the three biologicals 
were similar under both the controlled (pot) and uncontrolled 
(field) conditions. 
Another set of results during this study indicated that the treatment 
of coriander plantlets with three different biologicals (SV, AZOTO 
and PSB) resulted in excellent growth of C. sativum resulting in 
overall enhanced total length, total fresh weight and total dry weight 
of treated plants when it was compared with non-treated plants. 
Similar effects by these organisms have earlier been reported for 
plant varieties other than coriander. The beneficial effects of A. 
chroococcum have been reported previously with respect to its effect 
on increasing plant biomass and plant height of Triticum aestivum 
and Adathoda vasica [54, 55]. Similarly, P. fluorescens was found to 
increase the leaves number, branches number, height and number of 
nodule/plant in V. faba [56] whereas, it improved the total weight, 
root weight and shoot weight of Pisum sativum L. [57]. S. vermifera 
has also been reported to increases plant height, root length and 
biomass production in treated plants [36, 38, 41, 45, 58].  
Profuse root systems support the greater potential of the plant to 
hold soil, larger exposure, as well as sequester of water and nutritive 
entities [39, 50] and literature reports, suggests that the plant 
biologicals help with better root development in plants. In earlier 
studies, it has been reported that A. chroococcum [59] P. fluorescens 
[56]. S. vermifera [41, 45] enhances the root length and volume. It 
was hypothesized that the significant growth in root system of 
plants treated with biological agents could be due to phytohormonal 
involvements [51]. Several investigations are in agreement with this 
hypothesis demonstrated that A. chroococcum [59], Pseudomonas 
species [60] produced a significant level of phytohormones, which 
resulted in root elongation of tested plants. Further, it has also been 
suggested that about 80% of the soil bacteria can produce 
phytohormone (Indole acetic acid) [61]. In context to S. vermifera, 
closely related fungus P. indica, had also been proved to produce 
phytohormones in inoculated plants [50, 58, 62, 63]. Similarly, we 
also observed that all three different treatments (SV, AZOTO and 
PSB) resulted in a highly developed root system with extensive 
secondary roots and lateral branches (data not shown here), which 
could be attributed to the possible phytohormones production in 
treated coriander plants. The enhanced root system of treated plants 
mined the niche to a great extent in terms of essential nutrients, 
which was supported by the accumulation of different nutrients in 
the plants (data not shown). 
Besides, these Azotobacter is non-symbiotic heterotrophic bacteria 
and largely associated with N fixation in the niche of the plant [64, 
65]. Increased N availability by A. chroococcum has been 
demonstrated by Lévai et al. (2008) [66] and Chaudhary et al. 
(2013) [55]. Similarly, Pseudomonas genus is known as the most 
powerful P solubilizer [67]. P. fluorescens has been demonstrated for 
P solubilization in vitro [68-70] as well as in the niche of the plant 
where enhanced biomass was also observed in associated plants 
[57]. On the other hand, S. vermifera is a symbiotic mycorrhiza and 
mycorrhizal symbiosis is well known to facilitate a wide range of 
macro–and micronutrients. Several investigations demonstrated 
that S. vermifera colonized plants showed a significant increase in N, 
Baldi et al. 
Int J Pharm Pharm Sci, Vol 12, Issue 5, 60-72 
69 
P and K contents [40, 41, 45]. P. indica a closely related fungus has 
also been demonstrated to facilitate the N, P and K [71, 72], in 
addition to this expression of nitrate reductase (Nia2) and 
phosphate transporter (PiPT) (which actively involved in the 
assimilation of nitrogen and in phosphate transportation, 
respectively) has been reported in closely related mycorrhiza-P. 
indica colonized plants [73-75]. 
In our study, S. vermifera was observed with prominent effects on 
length and biomass among all treatments. Because macronutrients, 
especially N and P are essential elements for plant growth and they 
could affect plant biomass accumulation, biomass allocation, growth 
and seed quantity and quality [76]. So it is tempting to speculate 
that enhancement in length and biomass by S. vermifera is based on 
availability and efflux of multi integrated nutrients by extensive 
roots and fungal hyphae. It is well known that the fungal hyphae, 
along with the roots, explore a larger volume of soil and exploit 
nutrients from a greater surface area [77], whereas the 
enhancement by PSB is restricted to P availability and enhancement 
by Azotobacter is restricted to N availability only. Our speculation is 
supported by P. indica, which has been proved to increase the 
uptake of macronutrients (N, P, K) [72] and micronutrients (Cu, Fe, 
Zn, Mn) in colonized plants [78]. Further enhanced biomass 
accumulation by biologicals treated plants was supported by 
elemental analysis of C, Hydrogen (H) and N from plant’s dry matter 
(Data is not shown here). C, H and N are major contributors to the 
plant biomass. So higher enhancement in biomass of plant and 
results of elemental analysis both are in agreement with the fact that 
S. vermifera facilitates nutrient availability and hence enhances the 
growth and biomass of treated plants to a great extent. 
Notably, seeds yield and level of seed EO were found to be 
significantly enhanced with the better composition of EO in treated 
plants of the present study. Earlier, it was reported that A. 
chroococcum not merely fixes the nitrogen but also could stimulate 
the growth of the plant, the yield of seeds and subsequently can 
improve the yield of EO and their components in F. vulgare [79]. 
Similarly, it was reported that A. chroococcum in combination with 
other microorganisms, increased the yield of EO in C. sativum [80, 
81]. P. fluorescens treatment has also been reported to increase the 
yield of EO in Origanum majorana [82] and Ocimum basilicum [83]. 
Microbial volatile organic compounds emitted by associated 
bacterial strains during plant-microbe interaction has been reported 
to enhance the production of biomass and EO in micro propagated 
M. piperita [84]. Similar observations were reported with S. 
vermifera on fennel (F. vulgare) and thyme (T. vulgaris) [36, 38]. 
Although the underlying mechanism of increasing EO yield by 
microorganisms is still not known, it was suggested that enhanced 
yield of EO might be attributed to enhanced nutrient availability 
[85], and increased biosynthesis of terpenes production [82]. The 
increased EO yield may be associated with defensive response [82] 
and may depends upon many factors, including alteration in plant 
morphology, gene expression involved in the monoterpene 
biosynthetic pathway [86, 87] and P availability in plant [88-92]. 
These factors, either alone or in combination, have the potential to 
enhance the monoterpene accumulation in colonize plants. Further, 
EO represents an important diverse group of terpenoids which are 
synthesized from universal precursors, isopentenyl pyrophosphate 
(IPP) and its isomer dimethylallyl pyrophosphate (DMAPP) units in 
the isoprenoid pathway [93]. These precursors require acetyl-CoA, 
adenosine triphosphate (ATP) and nicotinamide adenine 
dinucleotide phosphate (NADPH) for synthesis and are dependent 
on P availability in the plant [94]. It is likely that during the present 
study, S. vermifera stimulated the P mediated IPP and DMAPP 
synthesis better than other microorganisms, resulted in an observed 
higher yield of EO from seeds of C. sativum. 
It is also noteworthy that application of different microorganisms 
consistently altered the composition of secondary metabolites 
present in EO i.e. linalool (monoterpene alcohol), α-, β-pinene and 
(monoterpene hydrocarbon) and geranyl acetate (monoterpene 
acetate) consistently which were significantly different on 
comparison to control plants under both pots (greenhouse) and field 
conditions in the present study. This report is in the alignment of 
earlier reports where A. chroococcum in consortia had consistently 
enhanced the secondary metabolites stevioside in Stevia rebaudiana 
[95, 96] and anethole level in F. vulgare [79]. P. fluorescens has also 
been reported to enhance the tropane alkaloids hyoscyamine and 
scopolamine in black henbane-Hyoscyamus niger [97] and also (+) 
pulegone (–) menthone level in M. piperita [84]. Similarly, S. 
vermifera has been reported to enhance the level of podophyllotoxin 
and its 6-methoxy derivative in Linum album [98-100], anethole 
level in F. vulgar [36] and thymol level in T. vulgaris [38]. The 
synthesis of secondary metabolites does not merely depend upon 
internal factors like genetics and various growth stages but also on 
external factors like environmental conditions and biotic and abiotic 
stresses, which could influence the biochemical pathways along with 
phytometabolic processes and hence the synthesis of EO [101-103]. 
Additionally, precursor and elicitor of fungal origins are also proving 
an effective approach to enhance secondary metabolites in plant cell 
culture [104-106]. Enhancement in commercially important 
secondary metabolites i.e. artemisinin and withaferin-A were 
already achieved in cell culture technique facilitated with elicitor of 
fungal origins [107,108]. 
Although the enhancements in various components by PSB were also 
high followed by AZOTO but the enhancement in major components of 
EO were significantly high in SV treated group in comparison to other 
three groups i.e. CON, PSB, AZOTO. While the underlying 
mechanism(s) behind the unique ability of S. vermifera to alter the 
plant metabolomics profile and alter the synthesis of a particular 
component in aromatic plants has not yet been elucidated, but it is 
tempting to speculate that the availability of integrated multi nutrients 
and S. vermifera mediated regulation of synthesis and signaling of 
phytohormones and stimulus to the defense pathway [99] are 
responsible for the defensive response and fitness of plant and hence, 
enhance the different class of monoterpenes in the EO. Baldi et al. 
(2010) [21] suggested that the elicitors of fungal origin have potential 
to activate biosynthetic pathway and hence enhance secondary 
metabolites production in cell cultures. In previous study, it was 
shown that the S. vermifera enhances the Phenylalanine Ammonia-
lyase (PAL) activity, where PAL is known to play key role in 
phenylpropanoid pathway to synthesize lignan [100]. 
To the best of our knowledge, this is the first report on the 
mutualistic symbiosis of C. sativum and S. vermifera, which has great 
potential for sustainable agricultural practices in context to 
coriander. S. vermifera was capable of establishing mutualistic 
relationships in C. sativum roots and exert multifaceted benefits 
which include accelerated germination of seeds; stimulated nutrient 
absorption; promotion of vegetation; enhanced biomass of the 
plants; increased yield of EO and its composition. 
CONCLUSION 
Based on the results of present study, it is concluded that S. 
vermifera possesses immense potentials in the pursuit of 
agronomical attributes of medicinal plant cultivation and crop 
production as well. It showed excellent effects on emergence, 
phytopromotion and phytochemical production. Application of S. 
vermifera consistently accelerated the phytochemical traits of plant 
no matter in pots of greenhouse or field conditions. Colonized 
coriander plant showed a better architect in healthy root system and 
pronounced vegetation in shoot system followed by seed and EO 
production. Based on the findings of this study, it is recommended 
that S. vermifera have the potential to serve as ecofriendly inputs for 
organic farming and can help with curtailing the requirements of 
costly fertilizers, which are deleterious to environment as well as 
human health. It can be efficiently used for sustainable ecofriendly 
and safe agronomical practices also medicinal plant production 
having the economic and commercial values in general, and 
specifically C. sativum. Additionally, S. vermifera/C. sativum 
symbiosis opens an exciting area of scientific exploration, pertaining 
to the molecular investigation of seed germination, phytopromotion 
and enhancement in secondary metabolites.  
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